Abstract. Identification of biomarkers for predicting radiosensitivity would be useful for administering individualized radiotherapy (RT) to patients with esophageal cancer. The aim of the present study was to evaluate the association between cyclooxygenase-2 (COX-2), X-ray repair cross complementing group 1 (XRCC1), ras association domain family 1 (RASSF1) protein expression, clinicopathological characteristics, radiosensitivity and survival rate in 76 patients with esophageal squamous cell carcinoma (ESCC) who were treated with RT. Positive expression of COX-2, XRCC1 and RASSF1 was identified by immunohistochemistry in 81.6, 52.6 and 59.2% of ESCC cases, respectively. Negative COX-2 expression was associated with tumor (T) stage, node (N) stage, clinical stage and complete response (P<0.05), but not with gender, age, tumor location, differentiation degree, lesion length, progression-free survival (PFS) or overall survival (OS; P>0.05). XRCC1 expression was not associated with the clinicopathological features of ESCC, response to RT, PFS or OS. Positive RASSF1 expression was associated with the clinical stage, response to RT, PFS and OS (P<0.05), but not with gender, age, tumor location, T stage, N stage, differentiation degree or the lesion length (P>0.05). In the subgroup analysis, RASSF1 positive/XRCC1 negative expression was correlated with a longer median OS and PFS (P<0.05). Multivariate analyses revealed that the tumor response and RASSF1 expression were significant prognostic factors. Therefore, positive RASSF1 expression is associated with ESCC RT sensitivity, and may be a useful independent prognostic factor for ESCC.
Introduction
Esophageal cancer (EC) is an aggressive type of cancer; it is the sixth most common cause of cancer-associated mortality worldwide (1) . Approximately half of the cases of EC that are diagnosed each year occur in China (2) , and 95% of these cases are esophageal squamous cell carcinoma (ESCC) (3). Radiotherapy (RT) is a curative treatment option for patients with locally advanced ESCC who are not eligible for surgery (4) . However, radiosensitization in ESCC patients may affect therapeutic efficacy and, therefore, patient prognosis (5) . At present, biomarkers for radiosensitization are not available clinically (5) .
While various factors have been evaluated as possible prognostic markers in EC, the data are conflicting and continues to be debated (6) . In the present study, three potential factors, cyclooxygenase-2 (COX-2), X-ray repair cross complementing group 1 (XRCC1) and ras association domain family 1 (RASSF1) were selected for evaluation. Elevated COX-2 expression levels are associated with resistance to radiation and reduced overall survival in patients with ESCC who have received RT (7, 8) . High XRCC1 expression levels are associated with resistance to RT in patients with gastric, ovarian, lung, head and neck cancer (9) (10) (11) . Previous studies have revealed that the expression of RASSF1 transcripts and the degree of methylation are associated with tumor progression and with the survival rate in patients with ESCC (12, 13) ; however, few studies have been conducted on the radiosensitivity effects of RASSF1 in ESCC. In the present study, a retrospective analysis was performed of the expression patterns of COX-2, XRCC1
Prognostic and predictive role of COX-2, XRCC1 and RASSF1 expression in patients with esophageal squamous cell carcinoma receiving radiotherapy and RASSF1 in pre-treatment endoscopic biopsy tissue specimens from patients with ESCC, using immunohistochemical staining. The aim was to identify the predictive association of COX-2, XRCC1 and RASSF1 expression, with the treatment response and survival rate in ESCC.
Materials and methods
The current study was approved by the Ethics Committee of Anyang Cancer Hospital (Anyang, China). Written informed consent was obtained from all patients prior to using the tissue samples in the present study. Radiotherapy. RT was performed using a LINAC 6-MV X-ray unit at a daily dose of 1.8 or 2 gray (Gy), with five fractions per week. The total radiation dose ranged from 59.4-64 Gy, with a median dose of 59.4 Gy. Further RT boosts were administered to cervical and supraclavicular LNs, depending on the LN size. Definitive radiotherapy was based on three-dimensional-conformal RT or intensity-modulated RT.
Immunohistochemical staining. ESCC tumor tissues and healthy esophageal tissues were observed using endoscopic biopsy to examine the expression profiles of COX-2, XRCC1 and RASSF1. Serial 3 µm thick tissue sections were dewaxed with xylene and rehydrated through graded ethanol. Tissue sections were washed with PBS and incubated in 3% hydrogen peroxide/methanol buffer to block endogenous peroxidase activity. Antigen retrieval was carried out by microwave treatment of the slides in 10 mM citrate buffer (pH 6.0) for 10 min. 
Evaluation of tumor responses and follow-up.
To evaluate tumor responses, an endoscopic biopsy and chest CT were carried out one month following the completion of RT. A follow-up CT and an esophagography were carried out every three months for the first two years, and every six months thereafter. Complete disappearance of the primary tumor and the tumor in regional LNs following radiation was defined as a 'complete response', according to the Response Evaluation Criteria in Solid Tumors v1.1 (16) .
Statistical analyses. Statistical analyses were carried out using SPSS v19.0 (IBM, SPSS, Armonk, NY, USA). The χ 2 test or Fisher's exact test were used to analyze the association between COX-2, XRCC1 and RASSF1 expression, the tumor response to RT and the clinicopathological variables. The correlation between the expression levels of COX-2, XRCC1 and RASSF1 was established by the Spearman's rank-order correlation (raw scores) and Fisher's exact test (grouped). The Kaplan-Meier product-limit method was used to estimate the probability of OS and of progression-free survival (PFS), and the log-rank test was used to estimate any differences. Univariate or multivariate Cox regression analysis was conducted to estimate the crude hazard ratios (HRs), adjusted HRs and the 95% confidence intervals (CIs), with adjustment for potential confounders. All statistical tests were two-sided. P<0.05 was considered to indicate a statistically significant difference. Fig. 1 , positive expression of COX-2 and RASSF1 in ESCC tissues manifested as brown staining in the cytoplasm or in the cell membrane, whereas XRCC1 was exclusively expressed in the nuclei. The intensity of COX-2 staining was significantly higher in ESCC tissues compared with in matched healthy tissues; high levels of COX-2 expression were identified in 62/76 (81.6%) of ESCC tissues and 2/20 (10.0%) of healthy tissues (P<0.05). XRCC1 and RASSF1 expression levels were significantly decreased in 40/76 (52.6%) and 45/76 (59.2%) of ESCC tissues, respectively, compared with in the matched healthy tissues (P<0.05); XRCC1 and RASSF1 expression was only observed in 1/20 (5%) of the healthy tissues. As presented in Table I , no significant correlation was observed between the expression of COX-2 and XRCC1, COX-2 and RASSF1 or XRCC1 and RASSF1 (P>0.05).
Results
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A, Rank correlation between COX-2 and XRCC1 protein expression Association between COX-2, XRCC1 and RASSF1 expression and the response to radiotherapy. The association between COX-2, XRCC1 or RASSF1 expression and the response to RT 4 weeks following evaluation are presented in Table III . Complete remission (CR) was observed in 48 cases (63.2%), partial response (PR) in 14 (18.4%), stable disease (SD) in 11 (14.5%) and disease progression (PD) in 3 cases (3.9%). The objective response rate (RR=CR + PR) was 81.6%, and these patients were judged to be sensitive to radiation therapy. The CR in the COX-2 negative expression group was 13/14 (92.9%), which was higher than the COX-2 positive expression group (35/62, 56.5%; P= 0.013). There was a significant negative correlation between COX-2 expression and the tumor response to RT (r s =-0.293; P=0.010). The CR in the XRCC1 negative expression group was 26/36 (72.2%), whereas only 22/40 (55.0%) of cases in the XRCC1 positive expression group demonstrated CR; however, no significant differences were Table II . Association between COX-2, XRCC1 and RASSF1 expression and the clinicopathological features of ESCC. identified (P>0.05). Finally, the CR in the RASSF1 positive expression group was 36/45 (80.0%), which was significantly higher compared with the RASSF1 negative expression group (38.7%, 12/31; P<0.001). There was also a significant positive correlation between RASSF1 expression and the tumor response to RT (r s = 0.421; P<0.001).
Association between survival outcomes and COX-2, XRCC1
and RASSF1 expression. By the time of the final follow-up in October 2015, the median follow-up duration was 19 months (range, 7-78 months). In the complete study, the median OS was 19.60 months, the 5-year OS was 12.0%, the median progression-free survival (PFS) was 16.66 months and the 5-year PFS was 9.0%. The median OS for patients with COX-2-positive expression and COX-2-negative expression was 18.0 months (95% CI: 14.281-21.719 months) and 20.0 months (95% CI: 11.180-28.820 months), respectively (χ 2 = 0.229; P= 0.633; Fig. 2A) . Similarly, no significant difference was identified in the median OS between the COX-2-positive expression and COX-2-negative expression groups (18.0 vs. 22.0 months; Fig. 2D ). Conversely, no significant difference was identified in the median PFS of the patients according to COX-2 and XRCC1 expression levels (P>0.05). When stratified by regimens, the subgroup analysis revealed that RASSF1 positive/XRCC1 negative expression levels were correlated with a longer median OS (34.0 vs. 17.0 months; P= 0.024; Fig. 2E ) and median PFS (24.0 vs. 15.0 months; P= 0.044; Fig. 2F ). In addition, those with a higher CR had an improved median OS and median PFS (P<0.001; Fig. 2G and H (Table IV) .
Discussion
Although findings from previous molecular biology studies have improved general understanding of the pathogenesis of ESCC, appropriate biomarkers for high-risk population screening, clinical diagnosis and prognosis have not yet been identified (5) . The current study demonstrated that COX-2 expression levels were significantly increased in ESCC, and that the expression levels were correlated with advanced clinical stage, T stage, the presence of regional LN metastases and a poor response to RT, but that they were not associated with survival (OS or PFS). The present study also revealed that XRCC1 and RASSF1 expression levels were significantly reduced in ESCC tissues vs. healthy tissues, indicating a potentially important role for these genes in ESCC. No significant correlation was identified between XRCC1 expression and the clinicopathological features, the response to RT, PFS or OS. Conversely, positive RASSF1 expression exhibited a significant correlation with lower clinical stage, an improved response to RT and increased rates of PFS and OS (P<0.05). The subgroup analysis also indicated that RASSF1 positive/XRCC1 negative expression levels correlated with a longer median OS and median PFS.
Similar to previous studies, the results of the present study demonstrated a significant increase (81.6%) in COX-2 expression levels in ESCC tissues (17, 18) . Patients with a higher clinical stage (III-IV), T stage (T3-4) and with regional LN metastases exhibited significantly higher expression levels of COX-2 (P<0.05). By contrast, positive COX-2 expression levels were not determined to be associated with gender, age, tumor location, grade or size (P>0.05). COX is a key enzyme for prostanoid biosynthesis and is involved in the inflammatory response, tumorigenesis and tumor progression (19) . In particular, the overexpression of COX-2 and prostaglandins is associated with the development of various types of cancer (20) . Similar to the results of the present study, marked overexpression of COX-2 has previously been observed in esophageal squamous epithelium in human EC, but not in healthy tissues (21) . Previous studies have reported that COX-2 overexpression is significantly associated with a poor response to RT and a poor OS (7, 8) . The results of the present study determined that COX-2 expression levels were significantly associated with a poor response to RT, but did not significantly affect OS. The exact mechanism underlying Table III . Association between COX-2, XRCC1 and RASSF1 expression and the tumor response. how COX-2 influences tumor sensitivity to RT remains unclear. Apoptosis suppression may be one possibility; when there are high expression levels of COX-2 in ESCC tissues the tumor cells may not be sensitive to the apoptosis signal, resulting in abnormal proliferation (7) . The present study demonstrated that COX-2 expression does not significantly affect OS; therefore, it may not be a useful biomarker in RT treated ESCC. The present study revealed significantly lower expression levels of XRCC1 proteins in ESCC tissues vs. healthy tissues. XRCC1 facilitates efficient DNA damage processing, which is particularly pertinent in patients undergoing chemoradiation (22) . This is mitigated to a certain extent by non-specific DNA repair systems; therefore, high XRCC1 expression levels may increase the DNA repair capacity of tumor cells, leading to an increased tolerance to DNA damage induced by chemoradiation (22) . The role of XRCC1 in the prognosis and susceptibility of EC has previously been examined (15) . XRCC1 gene polymorphisms may predict the response to cisplatin based neoadjuvant chemoradiotherapy in patients with EC (23) . Polymorphisms of the XRCC1 gene care able to alter the phenotype of the XRCC1 protein and cause a deficiency in its DNA repair mechanism, which is significantly associated with patient survival rate (24) . However, a number of studies have investigated XRCC1 expression in human tumors; low XRCC1 expression levels were reported in pancreatic cancer tissues and may be used to predict treatment outcomes following bladder cancer RT (25, 26) . Additionally, Ang et al (27) previously evaluated the association between XRCC1 protein expression in patients with head and neck squamous cell carcinoma (HNSCC) and the clinical outcomes. Patients with HNSCC and high XRCC1 expression levels had a poorer OS and PFS; among those receiving chemoradiation, high XRCC1 protein expression levels were independently associated with a poorer survival rate (27) . Conversely, Ge et al (15) revealed that patients with ESCC and low expression levels of XRCC1 had a similar survival rate to patients with high XRCC1 protein expression levels. Although this may have been due to the small number of patients examined in the aforementioned study, the current study also revealed no significant correlation between XRCC1 expression levels and the clinicopathological features, the response to RT, PFS or OS. Therefore, the results indicate that XRCC1 is not a useful indicator of RT response and prognosis in ESCC.
RASSF1 expression levels were significantly decreased in ESCC compared with the healthy tissues. Other studies have exhibited decreased expression levels of RASSF1 in certain types of tumor cells, including lymphoma, pulmonary carcinoma and melanoma, suggesting an association between reduced expression of the RASSF1 gene and tumor oncogenesis (28) . In addition, there is increasing evidence that RASSF1 is a tumor suppressor, able to influence cell-cycle events, microtubule stability, apoptosis and autophagy (29) . Patients with lower RASSF1 expression levels exhibit a higher probability of recurrence, indicating an unfavorable prognosis (30) . In the present study, patients with a higher clinical stage (III-IV) had significantly lower expression levels of RASSF1. However, no significant correlation was identified between RASSF1 expression and gender, age, tumor location, T stage, N stage, grade or tumor size. In addition, RASSF1 positive/XRCC1 negative expression in ESCC correlated with a longer median OS and PFS. Positive expression of RASSF1 was significantly associated with an improved response to RT, PFS and OS, which may be used to predict the survival rate of patients with ESCC prior to the administration of RT. Multivariate analyses revealed that the tumor response and RASSF1 expression were significant prognostic factors in ESCC. Therefore, positive RASSF1 expression may be used as a biomarker for predicting the survival rate of ESCC patients prior to RT.
In conclusion, the positive expression of COX-2 is significantly associated with a poor response to RT, but is not associated with the survival rate in ESCC. No significant correlation was identified between XRCC1 expression and ESCC clinicopathological data. The tumor response and RASSF1 expression were determined to be significant prognostic factors in ESCC. However, as the present study was retrospective, the Table IV . Univariate and multivariate analysis for mortality (OS) and progression or mortality (PFS) endpoints in the overall study population. P<0.05; COX-2, cyclooxygenase-2; XRCC1, X-ray repair cross complementing group 1; RASSF1, ras association domain family 1; ESCC, esophageal squamous cell carcinoma; RT, radiotherapy; OS, overall survival; PFS, progression-free survival; CI, confidence interval; CR, complete response; HR, hazard ratio; ns, not statistically significant. results are limited by the small sample size and allow only preliminary conclusions to be made. Future prospective studies with a larger sample size are required in order to confirm the predictive significance of the expression of these proteins.
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